Education in optics has evolved in the last decade into an application and enabling technology field and it is emerging as an engineering field in the last couple of years. Therefore, as a newly evolving program, the emphasis is placed on the overall learning outcomes of the students. In that regard we have developed concept inventory questions in optical engineering to monitor and assess improvements in student learning. The concept inventory questions are given to students twice during a course, one at first day of class and the same questionnaire is given to them during the last day of class. The pre-class test is used to assess prior knowledge of the students and the second test is used to measure the learning experience of the students. The results of the test are used to monitor and improve overall education experience of the students.
other activities to assign a numerical value to the knowledge gained by the students. This is indeed a task that has gradually evolved in the last several hundred years. then be used to access the overall learning of the students from his first year to the time of graduation in a given program. This is a cumbersome and rather complicated task that every institution faces. Consequently, a series of concept inventory questions were developed for us to use in assessing the overall learning experience of the students. Rather than test the students in all the optical engineering courses, a smaller set of core courses were chosen to provide a sample that can be used as a good indicator of the overall learning experience of the students in the optical engineering program. In general these concept inventory questions can be used in any optics program.
Concept inventory
Concept inventory questions as the name suggests test the concepts gained by the students as a consequence of taking a course. Concept inventory questions were first introduced in the Force Concept Inventory pioneered by Hestenes [1] . These questions test the fundamental knowledge of a student in a given subject rather than the ability of the student to memorize an equation or compute a mathematical/numerical result. This is in contrary to the typical questions and problems that are being asked during exams that are usually mathematically regressive. Concept inventory questionnaires have been developed for six optical engineering courses. Students are asked to answer a questionnaire developed at RoseHulman Institute of Technology during the first and last class sessions. The pre-class questionnaire assesses some prior knowledge of the students as well as several key concepts that they will learn in the current course. The post-class questionnaire measures conceptual gains by the students during the class. Concept inventory questions were administered in 2003-04 for three courses and 2004-05 in all the six courses. The questions are being refined every year to be able to get better data of student learning. The results of the concept inventory have been used by faculty to evaluate their methodology of teaching and the academic departments use it to evaluate the quality of their engineering program. We have also created a dashboard indicator rubric on a yearly basis.
The following core courses have been chosen to administer concept inventory questions and they are: two in the sophomore year (PH 292 Physical Optics and OE 280 Paraxial Optics), two in the junior year (OE 393 Fiber Optics and Applications and OE 450 Laser Systems and Applications) and two in the senior year (OE 495 Optical Metrology and OE 417 Optical Engineering Design III). To date, three questionnaires have been completed and two are in process. The results of the completed questionnaires will be discussed in this paper. Examples of questionnaires will be presented as well.
Example of concept inventory test and results
This is the first intensive optics course students take in the optical engineering program. This course long with OE 280 paraxial optics, and OE 295 optical systems are the foundation courses where students are exposed to a wide range of optical topics. It should be kept in mind that these students have been exposed already to reflection, refraction, lenses, diffraction, and interference in the year long introductory physics courses namely PH111 physics I, PH112 physics II, and PH113 physics III. The optics principles are taught to students in the last of physics sequence.
Sample concept inventory questions for PH292 Physical optics are given below. The questions gradually migrate to deeper understanding of optics principles to give a clear picture as to how much a given student has prior knowledge of the subject. This helps the instructor in two ways: i) better understanding of the knowledge base of students in the class and ii) tailor lecture and education to promote learning in weak areas.
Multiple Choice and True/False questions: _____ 1. A light wave always: (A). has a parallel wavefront (B) . is an electromagnetic wave (C). travels radially away from the source (D). originates at the point at infinity (E). none of the above Sample Questions:
_____ 2. When a beam of white light enters a glass triangular prism it: (A). goes straight through the prism(B). is totally reflected at the front surface (C). is bent at different angles based on the wavelength (D). is bent at only one angle (E). glitters
T he scorin g has been done in two ways: i) the overall score of each student is compared to pre and post test to identify improvement in learning and ii) individual questions are tallied to see how the overall learning has been in specific areas. The second method provides a detailed picture of student learning. Table 1 The pre and post class averages indicate that there is definite increase in the student understanding of the concepts being taught in the class. Less that half the class scored below 70% in the pre-test and more than 85% of the class score above 75% in the post test. Tables 3  and table 4 
Conclusions
Data presented for all the three courses from the sophomore to the senior year show improvement in students being able to clearly understand concepts in several areas of optics. Of all these courses PH 292 results shown in table 1 has a result that is of value to an educator. This could have been due to the fact that the students had some prior knowledge from their freshmen class as well as the teaching ability of the instructor. Further, questions in the upper level classes such as OE450 and OE495 could have been not fairly distributed and are more specific in terms of subject content. However, we are in the process of further refining the questions to broadly represent the various subject materials of the students.
